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polymer, a fluoropolytncr may be P«rt«»y - pernuorinatcd 
plastic or elastomeric. Amorphous d.polymers oJTFE P 

vinyl ethersare^no^ to bee..^^^^^^^^^^^^ ^^^^ 
temperatures (Tg). usually less uian lu v. . 

temperature or 

rigid amorphous fluoropolymers. havmg Tg at 

higher, are desired hexafluoropropylene (HFP) 

rat.0. herem cal ed HFP mdex ^^^^ ^^^^ „^ 

multiplier of 4.5 to conver^ HFPl »° copolymers having HFP 

,ec,uent«re«nc«in-^^^^^^^ 

coment of from 6.75 to 27 wt/., app ^^^^^^ ^^^j^^^^ 

1 .5 to 6 HFPl range and 4.5 muh.pher by Bro & San 
.he field have refined their "^P^^^^ ^3 ^^^^^^^^ HFPl to HFP 
, generally use multipliers in the range of 3.0-3.2 

content in wf/o. ^j^^j^ses partially 

Morgan m U.S. Patem 5 2 ^ ^^^^ 

cmtalline TFEAffP copoiv^ers havmg HFPJ of 6^^^^^ 

a ;emi-batch dispersion P^'y--""""''"^^^^^^ copolymer 
5 high concenuation of surfactant can ^-Pede^^^^^^^^^ ^.4 wt%. 
resin and that surfactant concenuation should be less tn 
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preferably less U,an 0.2 Nvt%. based on the aqueous medium. Surfaciant 
concentrations exemplified were in the pieferred range. 

Khan in U.S. Patent 4.381.384 discloses a contmuous 
poivmerization process for TFE polymers including "PO»y-«^ 
5 on«ining«pto20mol%ofavarietyofcomonome._Fo^^^^^^^^^^ 

. . o mtihinlicr of 2 1 was used to convert HFPl to HVr coniem 

:ir: ;:nronomo..wouidco.^^^^^^^ 

9 5 in the examples for TFOTP copolymers. HFP content of 5 4 mol/. 
HFP "on 57 was the highest level actually achieved. The contmuous 

,0 '^occsTo^ 

nldin^ a vet. hi.h surfactant concentration that must be used to 
ap 0 h stable realtor operation and to enable discharge of the reaco 
^aTv^lthout coagulation ofthe polymer in or in passmg^^^^^^^^^^^^^ 
down valve. This high surfactant concentrauon can m turn, make t 

, 5 rmely difT.cult to isolate the polymer from the ^^^"^^^^^^^^^^ 
undesirable in the isolated product. Space-ttme yield for Khan s lo>v HFP 
copolvmer was of the Older of only 0.1 kgA,hr. 
' • Khan discloses that TFE^FF dipolymers havmg HFP 
„A hv HFPI = 9 5 are partiallv crystalline, though HYV 

pZers having HFPl - 9 are cr>-stalline. and did not ach.eve h.gher 

'-'^°^"^^;;:rotu.S.Patent3.062.793desc.^^^ 
copolvmers. such copolymers having HFPI valuesofabo^^^^^^^ 
.5 exempimed. Eleuterio also discloses a pan.ally crystalh e TFE/HFP 
25 exemp.m ^p, = 5 and 1 5% cr>stallinity. Th.s level of 

copolymer havmg HFPI 10 ^ ^^^^ corresponds ,0 

crvsiallinity ssurprismgly high tonne nrr I .„f„„„.^, 
HFP content of about 25 mol% as estimated from examples to fc lc 

Access for isolation of TFE polymer resin from us polymerization 
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n^rm^ble electrode comprising mixing carbon black, 
" The invemion provides a urifora- amon-hous c<,pol>-m« 

copolymer to be amorphous, said copolymer havmg g 

„„o«d in,m.dia,.,y from .he p« ymcr sohds^ ^^^J .^bodim™. 

simultaneously. „,nvid« a coated article comprising a 

The invention further provides a coaico „„^hnvis 

..s,.,ccoa,.dwi.hacoa,,., — 
copolymer of teirafluoroethylenc and hexafluorop p. 



35 . 

content of up to 29 mol%. 



3 
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In another embodiment ofthe invention, the uniform 
amorphous copolymer described above is made by the process comprtsmg 
batc?^polvmerizing the fluoroolefins (tetrafluoroe.hylene and 
hexafluoropropylene) in an aqueous medium contatmng surfactant o 

5 Xe n aq dispersion of the copolymer from these fluoroolefms. 

' 'ulTsirbeingpresentinaconcentrationwhichisatleastl.^ 

the critical micelle concentration of said surfactant. 

the m ^^^^ ^^^^^^^^^ polymer.zat.on process 

is advantageously applicable to the copolymerization of Huoromono^ 
,0 to make partially crystalline melt-fabricable (luoropolymer and th.s ,s 
Xemb diment ofthe present invention. In this embod.ment. tl,e 
fait concentration c^ be as little as 1 .2 times the cnfcal m.celle 
on e tration. Tvpically. the (luoropolymer .ill contam repeat umts 

d "ed fromtet^^^^^^^^^^ 
,5 dule the copolvmerization will be effective to >mpart meU-fabncab.Ut> 

The TFEAiFP copolymers of this invention have up to 
,0 ^01% of units derived from HFP and are amorphous. By thts .t .5 

f th»le h at of fusion calculated from any endotherm detected m a 
meant that the heat ot ws.o as.poWmerized resin is 

25 differential scanning calortmetry (DSC) scan tor P • 

no more than about 3 J/g. preferably no more than bou I J/g- Such 
LTherms if actually present, are diffuse, difficult to detect, and 

GTneillly.no endotherm is seen inasecondD^ 
30 endothermisd^ec.^^^^^^^^ 

contain untts derived from one or ^o^^;''^^^—'^"^ 

selected from fluorolefms having 4 to 8 carbon atoms and 

n n IvinvLcrs Fluoroolefms having 4-8 carbon atoms mclude 

formula CV, = CFO(R-/0)k R/- -herem k ,s Oo. R / .s hnear 
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cf;.cf,ocf:cf,cf.)UO(Cf,^coor ai^io^ us. ^ 

15 p.teol4.13S.426. lnlhes.loni.ulac.m-0-3 n M.p 
methvl or ethyl. P«fttie<i such fluarov^nylc*.rs art 
/-c -VmcF,CF(CF,PCCFi)XHj!OH and 

r T th^beUe of their availability or their ability to .ncorporate 
prctened either because o Additional nuorovinvlcthers 

20 ftinctionality into the resul.ai,! copo^^me^. Add.uona . 
include alM duorovinyl ethers such 

3.159.609. The additional comonomer does not P--"^ J 

, . . , MPP inio the comonomer. i >pica»iy nwii* w 

of the high amount of HFP into tne ^^^^^ ^^^^^^^ 

mol% of additional comononrier may be present, oas 

.^^^ivmer Thc uscs of amotphous TFE/Hl-f 

contammg one or more aoaiuon cooolvmer of this invemion 

In one embodiment a TFEmi- V copoiymci u 

30 »»« 20 ,0 M '^^■.'^I^JIZ^, col, refer .0 u„iu 
copolymer compos.uon ,n .em« o^o",°n _^ ^ 

aenved ftorn -"^^l^ 'd sclos J(U.S. Fa,e„. 3.062.793. 
is i„ surpnsrnl " 1 ,„.5 and charaoenzed by .uhsranUa, 
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Elemcrio's process, one ^vould expect polymer .ormed early in the baich 
,0 be rich in TFE units (and more cn-stalline. or more likely to be 
crystalline), and the supply of TFE monomer in the react.on vessel to be 
depleted as the polymerization reaction progressed Consequentb-. one 

5 would expect polymer formed late in the batch to be relat.vely nch m HFP 
units, and sequences of t^vo, three, or more HFP units tn s.gn.fic«.t 
concentration could occur. As shown by Comparative Example B. a 
T^^P copolvmer containing 57 wt"/. HFP units and made genera ly by 
Eleutcrio-s procedure did in fact contain high concemrations of HFP diads 

10 and Uiads. indicating a lack of uniformity. 

In another embodiment a TFE/HFP copolymer ot this 
invention that is amorphous as defined above also contains copolymeraed 
units of at least one comonomer selected from fluoroolefins conta.r«ng 4-8 
carbon atoms and tluorovinylethers. said copolymer conumme sufficten. 

15 units of HFP and said comonomer combined to cause the copolymer to be 
amorphous, with HFP and additional comonomer bemgm such 

:o;Lons that said copolymer has glass -si.io-emperat-^ 
about 20T. preferably at least 25=C. most preterably at leas. 35 C. Th.s 
ivmer can also have HFP content of 20-29 mo.%. b-''" °^ 
20 additional comonomer enables HFP to be present at less than 20 mol /. 
while still obtaining amorphous copolymer. 

The copolymers of this invention usually have melt v.scos.ty 
(MV) in the range from I Pa s to 10 x 103 Pa-s. Although a htgh HFP, or 
HFP and other comomer.contem is the primarv^ requisite for an 
,5 In^housTFEmFPcopolymer.itappearsthatalowMVconU.^^^^^^^^^^ 
lowheatoffusion. Thus, resins having lower comonomer contem benef.t 

from having a low MV to eliminate traces of crystalhmty. 

The amorphous TFE/HFP copolymer of this mvent.on.s 

characterized by uniform distribution of HFP units in the copolymen Th. 

30 means that most of the HFP un.ts present are .solated. ..e.. ^av' ^F^ ""^ 
as neighbors, and only a mtnor part of the HFP untts are pres nt a d. ds 
(sequences of two HFP units) or triads (sequences of three HFP unus). 
?hTfra" ion of HFP units in the polymer present as HFP d.ads and tnads 
^Ibined. determined as described below, is generally ess than about 

35 10«/.. preferably less than about 5%.Triads may not be de.ecuble 

indicating a hieh degree of uniformity for copolymers hav.ng h>gh HFP 
ontent The amorphous TFE/HFP copolymer of this .nvent.on can be ,n 
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,he lo™ of a disp...ion of small resin panicles in an aqueous med.un. 
^^e rpersion plcles can be unusually small, wi* .ve«|e pan,cle s,« 
Icallv in U,eninge0.01*15Mm.us»dly 0.02-0,1 Mm Because of .he 
ILl P«.icle size ««. AC amo,.hous „a«,. of *e copolyme,. d,spers,ons 

5 can be iransparcnt and very clear. , . w 

The poDinersofthis invention may be made at least by the 

n^ethod known as aqueous dispersion (emulsion) polymerizatloa and 
Tqueous dispersion polymerization in the presence of a solvent, but w.th 
special parameter as will be explained hcrcmafter 
10 The minimum HFP partial pressure that can be used to make 

the amorphous TFEmFP copolymer of this invemion by the P« J» 
emi-ba^h process is about 500 psig (3.5 MPa) out of 600 ps^ (4.2 MPa) 
ot" Inomerpressure. HFP partial pressure is preferably abou, 525 ps.g 
(3 7 MPa). most preferably about 550 psig (3.9 MPa) out of 600 ps.g toul 
,5 monomer pressure. Higher, or slightly lower. --[-"^^ 
may be used, in which case HFP partial pressure should be adjusted 

proportionately^^ should be chosen to obtain high dispersion 

particle surface area (small particle size) in order to enhance reaction rate. 
20 wm^h is suppressed by the high concentration. f HFP « -v-o TFE^^^^^^^^ 
desired high levels of HFP incorporation .n the copolymer. In the p ocess 
of th- invention, surfactant concenuation of at least 1.5. the cn^^^^^^^ 

..elle concentrat.on is used to ^l^^^::^;^.^. 
suttaclantconceMmionis2.0«.nioreprefcriw>-.5 u. 
,5 cLen»a,ion.S«chconc«.™ionsofsu,fac.an,bave8.n.«llybe.n 
Ivoi^l^ prior an processes. For purposes of ,l„s inven.,on. .he cnucal 
Jcel^ Icemrarion is <l.f,n.d a, .be cri.ica, micelle concen.ra.,o„ « 
Telned a, room .empera.ure. Tl.e propenies of .he surfac.an,.w,.er 
s;Mem under polymeHza,ion condi,ions are uncenain. b«. advanugeous 

-^0 results suggest that micelles may cxisi. 

30 results gg ,,,^,^,,1 micelle concentrat.on for example. 

see Kirk-Othmer. Encyclopedia of Chemical Technology, 3rd Ed Vol. 
r pages 344-346 (1983). As discussed therein, the cnt.cal m.ceUe 
concenuation is the concentration at which surfactant molecu es fo„n 
35 aggregates called micelles. This property is charactenstic of each 

oTent-solute svstem. and may be detennined by measurement of ous 
prUrties of a solution as a function of surfactant concentrat.on. For th.s 
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work U,e CTHical micelle concenirauon was taken as the point on a plot of 
urf ce tension v. concentration in ^va,er a, which the rate ol ch^ge of 
I with increasing concentration became very low. Surface 

terrninedusingaProlabo — 
I In this technique, a platinum blade is immersed m the l.qu.d. the 

' :;irir::Jthef^^^ 

n,e required surfactant concentration relative to its critical 
micelle concentration restricts choice of surfactanu^ F^^^^^^^^ 

1 0 commonly used ammonium perfluorooctanoate (C-8) has a cra.ca. n^c 
10 commonly use ^ ^^^.^ be 

. . H in U S Patent 4 380.618. Of these, the mixture of Ce-C,^ 
disclosed m U.S. Patent y jiuorochemical 
pcrnuoroalkyl ethane sulfonic acids sold as Zon> i i d 
Lrtactant (Du Pont Company), which also has a critical micelle 
20 concentration of about 0.003 mol/L. is preleaed. 

Temperatures in the range of about y 5 n ^ ^- P 
9«o.,08»C are suiLe for making .he amorphous TFE^FP copoK^ers 

tilrs commonly employed in emulsion polymerization 
ofTFE copolymers are water-soluble free-radical initiators such as 

ammonium persulfate (APS), potassium penulfate (KPS). 
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! ™, II is coimnon «■* most .Uen.al.v« first to 

p^ure. Aadilional WE is „e nay Ik Mci 

U:uon kickoirto mainutn the f'"™';^ „ i„c„.s. or 

„ . constant rat.. »i.h aptsto, ^P"' '^»^„"J^,i„ „^t total 
decrease acttal <-^^'°"^TZ^^ ^<^ 
,0 pressure. ^'-'^'^•'.f^:Z '::Zly to maintain tlte constant 
be held constant, wth TFE aiWed as ,,„eHzation in stages 

ptcasnre. A third altemattve i^^J^^.^ it increasing TFE feed rates. 

r^r^ot—"----^^^^^ 

1 5 preferred. . , reaciive than the TFE 

ThP HFP monomer is mucn icsb i 

Thcnrrmuii .e.Kpkenthifihlo assure a high 

!_ • .u- UPP/TFE ratio must be Kepi mui» 

incorporation ofHFP. inep . . , „o„„n,ers througtiom the 
conditions also requires a "^Jcopolvnier that is 

20 polymerization in rhC„„lHisni^^^^^ monomer 

co^istent HFP distribution. Since the 

^^^is::rora:r:»HFP.ca..i— 
-''"^""orrmr^r^irr—otherthanT^- 

.sohcnseatomake other ; melt-rahricahlc. « 

nther lluoropolymers are ^""^''-^^^-^ „f more than 3 J/g. 
35 snch. they have heat offeion for '^^^^'^ ^ „,o,e 

usually a. least 6 J/g. and melt '"^'^^ ,o p..s to 

d^ ,05 Pas. Us»ally,MVismU« range offiom 
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50 X 103 Pa-s, preferably 0.5-10 x 10^ Pa-s. Such fluoropolymers are 
copolymers of at least two fluoromonomers. including those disclosed 
above. Of particular interest are copolymers of TFE with at least one 
other fluoromonomer selected from fluoroolefms containing 3-8 carbon 
5 atoms, fluorovinylethers. and functional fluorovinyleihers. HFP is a 
preferred fluoroolcfm. Preferred fluorovinylethers include PAVE. 
Perfluoro{ methyl vinyl ether), perfluoro( ethyl vinyl ether), and 
perfluoro(propyl vinyl ether) are preferred PAVE. For TFE copolymers, 
the amount of other fluoromonomer is usually sufficient to reduce the 

1 0 melting temperature of the compolymer significantly below the melting 
temperature of TFE homopolymcr. but not enough to reduce the heat of 
fusion below 3 J/g. For making such fluoropolymers. the surfactant 
concentration can be at least l.2x. preferably at least 1.5x. the critical 
micelle concentration. Utilizing a surfactant concentration above the 

15 critical micelle concentration in ihe process of this invention leads to 
improved results, for example, enhanced incorporation of less reactive 
comonomer or enhanced reaction rate at constant copolymer composition, 
or both. 

While concentrations of surfaciani exceeding the critical 

20 micelle concentration produce desirable and unexpected results in 

polymerization, they raise concerns about isolation of the polymer from 
potentially very stable raw dispersion, i.e.. the product of polymerization 
in the polymerization liquor, and about high residual concentrations of 
surfactant on the isolated polymer. One aspect of this invention also 

25 addresses these problems. 

Traditional techniques knovrTi in the art (see U.S. Patent 
5.266.639. for example) for isolating polymer from the dispersion 
polymerization medium sometimes achieve incomplete recovery of 
polymer solids from the medium of this invention. This is probably due to 

30 a combination of stabilizing effect of the surfactant in its high 

concentration and the small panicle size characteristic of the product 
produced by the process. However, it has been discovered that essentially 
complete recovery of polymer solids from raw dispersion can be achieved 
by an isolation procedure comprising freezing of the dispersion, 

35 subsequent thawing of the fi'ozen dispersion, and then separation of the 
polymer solids from the thawed frozen dispersion. It has also been 
discovered that the time between thawing and the removal of the liquid 
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\1 oHhc invcUo. is .ppUcb-e u, isoU,lo„ of 

invcniion- i nis aspcti ui j>«^rcion nolvmerizaiion medium 

amorphous TF^MFP P ^ .^^^^^.^^ homopolymers and 

valuable for "'>-«^^^"» '^^^^^^^ pCvmerizauon process. The 
copolymers, produced ^'^^ ^'^P^^^^^^^^ be supplememed ^vith 

frozen dispersion, removal ot me iqu 

5 aw«g.s 7" " T^XlM a ,.«n ca. be high, flow of r«in 
follow, .ppai". """"^ °J^;;t„, ,„rf„,„, „s.d in polyn.ma.icn 
agglonwMK can b. improvri. an ^^^^ 
k, n,nr. eff.clivelv separtleil from ihe resin, rrei 

Pertaps mos. "f"'"'"" "'""^^^^ ^e cam«l ou. in bulk, as in 
Whil. th. fr«OTB S1.P of*. P'O'"'. „,„ire 
fteezing of » drun, f.ll.d»i* ".'"^'"'^ ~ abodv otdispenion. 
35 alonguma. To minimiz. *c ~.«d^^ 

. - J *^M^ fnr at least one dimension oi xnc uuu^ r 

rnS 1. bo-, of a.. d...... » b. 
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small e.e.. no more ,han about 3 mm. Thus, for example, .he body can be 
r^nvelv thin tlat f.lm or sheet, or can have a relat.vely th.n-waUed 
V dricaishape. Bodies of frozen dispersion havmg at least one sm^^^^ 
dtension also have the advantage of permining rap.d thawmg r the 
5 sle heat transfer reasons. Many process designs can provide the 

diu ous condition of a body of dispersion having a. least one sma^^ 
dtenX For example, a thin layer of aqueous dispers.on can be placed 
Tfl" "v for freezing, or chilled paddles can be dipped „«o aqueous 

rpe^L^^^ 

10 or a chilled roll can be partially immersed in a reservoir of aqueous 
rpllwi^-rollaxispara...^^^^^^^ 

r::e:r::e3r^^^^^^^^ 

of the -rvoir. .dthe^^^^^^^ ^^^^ 

be used in manv wavs. Being amorphous, the resins and fabricated 
anic hereof'are t'ransparen, and substantially free from haze, and can 
" r^^^^^^^^^^^ in applications for which optical clanty .s .mpona... 
:;:::.ror-pe,,e,form.theco..y^^^ 

properties of thccopolymer are suuable for the mtende^^^^^^^^^^^^^^ 

, -1 Hp f.im lubinE hose, wire msulaiion. loamed structures 
an.cles mclude film '""me, ^^es. injection- 

^ . • f«L The as-polvmerizcd (raw) dispersion may be 
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10 



15 



20 



tUndcd ^ r^uJas a s,ep toward dry bUnds o, 

co™po.«o.U.eya. — ..^^^^^^^^ 

solutions « amb.eoi i.mperawre. wi 

as solvents, bu, nuo-inatcd compoun.^ l»v»s »P » 

P.-"n.t%.byd™.»^*-'«^^^^^ 

compounds. o«u-^^U^^^^^^^ Hl.h.y 

=d'::::r3.pt...^^^^^^^^ 

p.r„„..o™.tMcyc,ob^^^^^^ addocts. Cenain 

. rr— ^^^^^^^ 

used? P-.fen.d solvents ... perfluotodecaUn and 

^^^'^olspe-sionsandsoWonsof^eantotphousTFEmPP 
, eop„..^onbU— ^^^^^^^ 

-rp^::;::™^^ 
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wavs These rcsulis include any of the results for which polymer 
Tsp rsions and solutions are used, such as coating, encapsu at.on. and 
ZeLation. The TFEmFP copolymer dispersions and sol«t.ons of the 
;iln can be employed in any ofthe methods by wh.chs^^^ 

S are known to be used, including dipping, painting, and spn>y.ng. 

Ko^alT Ae dispersion or solution is deposited in place m the wet state. 
n^^sittdSandthedHedresinisf^edorconso^^^^^^ 

The TFErtffP copolymer dispersions and solutions of this 

ir^vention can be used to make coatings on a broad range of substrate 
,0 m ateri IS. including metal, semiconductor, glass, ceramics, retractor, 
" tcrials. dielectric materials, carbon or graphite, and natural a^l 
rnletic polvmers. The substrates can be in a broad range of phys.c 
fo^s including film or paper, foil, sheet slab, coupon, wafer. w„e. hber. 
Sle t cylinder, sphere, and other geometncal shapes, as well as m a 
,5 — uLitednumberofirregularshapes-Coatingscan^^^^^^ 
bv met;iods known in .he an. including dipping, spraymg, and pamtmg. 
?or p t elstrates of suitable dimensions, spin coating can be employed. 
Porous substrates, including those made from tluoropo.ymer sue as 
oolvteuafluoroethvlene. can also be coated or impregnated. These 
20 ^I^tl.^P^^- screens, foams, microporous membranes, and woven 
: non-^^^^^^^ .„.akingsuchcoa.ings..hewa.erorsolventcan 
Tdriven off by heat leaving a dry TFE«FP copolymer coatmg. 

Coatings of the amorphous TFEmFP copolymers of this 
.ventioncanbeasolec^^gona.^^^^^^^ 

:::irnrorC;-^^^^^^^^^ 

ndude coatings resulting from several successive aPP ca-s oj 
Ti persion or solution to increase coating thiclcness to desired levels^ 
30 Coatingsofthisinventioncanconsistofthe^^^^^^^^^ 
TFF7HFP copolymers of this invention alone, or of the TFE/HFP 
S-«admi«d 

n w eTonhe soWem or dispersed in the coating dispersion or solution. 
:ror amount can be up to about lOwtVo based on the combined weight 

Its of TFE/HF P copol vmer and additive. 

35 ofTFEmFP ^P^^:^^^^^^,^,3„i„„„,,vi.hin the scope of this 



invention. 



14 



wo 9604625 



PCT/US96A)1483 



10 



15 



• Coaled articles include polymer extrusion dies and molds for 
rubber and plastic pans, such as o-rings. bottle caps, golf balls, golf ball 
covers golf ball cover half shells, and the like. The TFEAiFP copolymers 
of this invention, both as-polymerized and after fluorine treatment, can be 
used in coatings. In the case of dies used for cxtnision of polyolefins, it >s 
preferred that coatinES be made from as-polymerized resin because such 
coatings are more durable. Both interior and exterior surfaces of extrusion 
dies may be coated to. respectively, facilitate extrusion and alleviate die 
buildup. 

Coated articles include gasoline engine carburetor pans: 
internal parts of imemal combustion engines such as valves and piston 
skins- razor blades: metal containers such as cans. pans, trays, vessels, and 
the like: metal sheets and foils: continuous metal belts; metal rods, tubes, 
bars, profiles, and the like: bolts, nuts, screws, and other fasteners. 

Coated articles include an article bearing a machine- 
readable markine on at least one surface, especially but not limited to a tag 
that can be attached to another object to provide information about 
inventory identification, contents, oxvncrship. hazards, operating 
conditions, or maimenance requirements, for example. 

Coated articles include wire forielectrical and mechanical 
service In either case, the metal wire may be solid or stranded. Wires for 
mechanical service include catheter guide wire and the actuating wire of 

push-pull cable. 

Coated articles include rubber o-rings. seals, beading. 

25 easketine. and the like. 

Coated articles include paper and textile materials, including 
woven fabric including glass fabric, non-woven fabric, felts, and the like 
fibers including filaments, yams. e.g. staple and continuous filament, and 

strands. . 
30 Coated articles include foams, membranes, and the like. 

Coated articles include optical fibers in which the substrate 

is a glass or plastic fiber. 

Coated articles include optical elements, wherein the coating 
fiinctions as an anti-reflective coating to reduce or eliminate refiection. 
35 Such elements include viewing screens, windows, television screens or 
faces, computer monitor faces, and the like. 

15 
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coated articles mclude semiconductors, semiconductor 
. • „,.meticstoraEe media including disks, photoconduciors. 

,ay be very thin^ ^ ^^^^..^^ 

,0 l..st on. or«h.eh « a c»K ^^^^^ ^^^^ 

*t composition ar. btoughl .of "h" 

'° co„.d «ic,. 0, .niC, c.„ ^ .a.»..g.o. 

,„8«l«.. m 1«'"S ^ ^.^^ „„c»,n.,o. 0. 

If the coaung is appi'M » " , f;,^„i„. With iht 

„po,ym«inhi,h,yn.o™a..ds„.^^ 

aniclas in confonnmg "J ^t,,, can b. an 

.„«..! tea or 7 * .o antbicn, .empon,>o,.. 

-»^--f-t;raT:s— ;rr;»..insso„ 

„„,, co««=, surface, o, >"""P0™«'> » 

35 o-poMf--*-;' :rst iri^^^^^^^ 
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u .„,eU index of20 or more, may suffer processing 
example, those havmg a melt '"dex o ^^^^^^^c 
dimculues. Suchpolyoefmsma> comp^^^^^^^^^ 

hydrocarbon poh-mer o^^-^^^^J^'^^fL of the formula CH2=CHR' 
copoWmeHzation a.an eight carbon 

wherein R' is an alkyl radical, usuauy 

atoms, in particular, this ^^^^^ .^..^ensity type 

polyethylene, bothof^e^..^^^^^^^ 

having densmes -^^^^^^ ,^y, and linear low density 

po.y(3.me^y^uU^^^^^^^^ 

nuoropolymercompositionsweredete^u^^^^^^^^^ 

V nn 0 025-0 051 mm thick films pressed at 300 C. 1-or 
spectroscopy on 0.02 ^^^^^ j^fr^ed spectroscopy was 

, TFEmFP copolymers. p 4.38O.6I8. In applymg 

employed in the method descnbe ^- ^JJ^^^^ ,o.l8 ^m and 

.hismethod.thepeaKabso^^^^^^^^^^ 

a; about 4.25 ^m were used, not t^ ^^.^bances. HFP contem .s 

unless .^^^^^^^^^^^^ ,,,,_s. 
0 expressed as - ^^^^^^'^.^ .opoWmers - determined by 

V on 0 09^-0 105 mm thick films pressed at 350 C 
FTIR specuoscopy on 0_09^^ ^ was 

PEVEwasdelermmedfrom anmt^ar^^^^ ^^^^^^^^ 

calculated in wt'/o as l.3x the ^l^''^.^^^, ^and at 10.1 ^m and 
,3 absorbance. P/VE ^ ^ 
was calculated m wt% as 0.9 1^ 

30 4.380.618. "«pl that onliccs tavmg fa samples 

( 1 .6 mm) diameter and "«'8l»s 8 o 

-^-'°^";ie.aUharact.is.^^^^^^^^^^^ 

determined by DSC by the ^^^^^ ,3 peak temperature 

35 conventional, meltmg ^^^f J^^^J designed to y.eld a value for 
of the melting endotherm. hormca* 
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alass iransUion temperature (T,). samples were cooled to O'C before 
^"•■'"^^"Tv^Jaeesize ofpoWmerpanic.es as pcWmcHzed.i.e„ raw 
dispersion particle size (RDPS). was measured by photon correlat,on 
5 spectroscopy.^^ ^^^^^^^^ ^^^^ ^^^^.^^^^ 

.9F NMR using a Bmker AC 250 NMR unit operating at 235 MHz. 
PoW«lesas^5%<wt/vo.)solu.ionsinbcxafluorobcnzenewe« 

Laded in 5-mm NMR tubes and heated to 80-C in a narrow bore probe. 
,0 Cdue.othetertiaryfluorineofHFPuni.appearat - 8.5ppmfor 
soTatedHFPunits.at-l79.5ppmforHFPumtspresentas^^^^^^^^ 
diads andat-l77ppmforHFPunilspresemashead.lo-ia.ltnads. It.s 

cltwhetherlottheim^^^^^ 
also includes oligomeric blocks larger than triads. The tracnons of HFP 
units tjresenl as triads and diads were determined as the rauos. 
etectWdv of the areas of the NMR sip^als at -177 and - 79.5 ppm 
The ta. of .he areas of the signals at -177,-179.5 and -.83.5 ppm. 
d ection limit for triads is less than .% of HFP un«s .n the 



IS 



copolymer. „„,,33 .^er^ise stated, stated so.ut.on 

concentrations are based on combined weigh, ofsolvcnt water and of 
le^s) Stated concentrations of polymer solids in dispers.ons are based 
on combined weights of solids and aqueous medium, and .ere^detenn.ned 
iretricallv. i e.. bv weighing dispersion, drying, and we.ghmg dned 
,5 ro~Lstablishedco.elationofdispersionspeci^ 

the gravimetric method. 

Fnamplel 

A cylindrical, horaontally disposed, water-jacketed, paddle- 
s^irxed. stainless steel reactor having a length to diameter ratio of about .5 
30 a^d a water capacity of 79 parts by we.ght was charged w.th 52.5 parts of 
tZlJ^l ^ereactorwasheatedto65»C.v.«^ 
withTFE.andthenevacuatedag.n« 

temperature had become steady at 103 C. HhP was 
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„.„o, u„«. 0,c p,ess.. «5 p., M ^ . ^^^^^^^ 

.dded 10 iht r.ac.0, .*« kickofT(87 mmoies). TlK TFE fctd «as men 
H „d Z reacor was cooted with *e mtoto. f«d conmumg and 
I ™X When U,. .«np«a™. Of *c ,cac.o~ 

^^chcd 9rC. ini.ia.0. pumpinl and agimion were stopped and >h 
^^rlvented. A«er vennng .o nearly a,n>osp^nc press»e_*e 

:::e,„,«.spu,ged».M.og«,.o^^^^^ 

deminerahzed w.,e, and 0X^1 p." ol ^^^^^^^^^ 
eo.gula.«i by vigorous »™8 J^,"" „f Ore water and then 

coagulation was oor'"'" "° TtFBHFP copolymer resin 

dried in a "■""•""^"r"'" ofTis and an apparent density of 

per hour, was 022. 

. po..cHza.on was ^^J^ ^^^^^^^^^^ 
35 exceptthatthcinUialwatcrchargewasS^ 

part of ammonium perfluorocaprylau (C-S) and ^^as p 

water, the HFP addition was made to a pressure of 450 ps.g (3.. MPa) 
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,h. a.imo, sp..d was «o 42 ,pm after prectarsinf water and 
tZ« .»L»ra.uc,. ,0 « rp. -'"^ ~ J^'™ 
nroduct dispersion was milky and opaque, and RDPS was u..i lo (un 
Ltil fthe resin fro. the disp^^ 
5 Exile 1 dispersion except that only 0.07 pa.n of nunc ac.d was added 
5 Example imp ^ , 7 4 ^ ,o3 Pa-s. an HFPI of 4.13. a T„ of 

The product rcsm had an MV 01 i" • 

S40C with heat of fusion of 24.8 J/g. and an apparent densuy ol 360 g/L. 
copolymer resin isolated from a separate portion of the d.spemon by 
fr^^^ and thawing had apparent density of 600 g/L^^^^^ 
,0 and was noticably less dusty than the sample isolated by 

rhemical/mechanical coagulation.. The polymenzat.on rate was 0.10 
part/part-volume/hour, less than half that of Example I. 

Euinpk.2 

A reactor similar to that described in Example 1 but w.th a 
,5 water capacity of 8.2 pans by weigh, was charged with 4.44 pans of 
demoralized water. The reactor was heated .0 65-C. evacuated and 
urj^withTFE-andthenleftwithap^ialyacuum. The vacuu^^^^^^^^^^^ 
"actor was then used .0 draw in a solution of 0.044 pan ot Surllon^ SI 1 1 

mm nium perlluorononanoate. Asahi Glass) disso.yed m 0.26 pan of 
(ammon. P ^^^^ .^^^ ,^,th 

:rrs^:r;:fd— wat. Thereactorwas^ensea.^^ 
agitation was begun at 82 rpm and the temperature was ratsed to 95 C. 
Afte he temperature had become steady at 95'C. the reactor was 
;«;urizedto^l0psig(3.6MPa)withHFP.mt^^^^^^^^^ 
,5 aised to 103'C. The pressure was then ^58 ps.g (3.9 ^Pa) ^ften^ 

emperature had become steady. The reactor pressure was then mcreased 

0 625^(4 4 MPa) by the addition of TTE. Then 0.066 pan of a 

; ype^^^^^^^ 

,nto the reactor « F ^,r:Jmmt for the remainder 

30 solutton was pumped ^^^^e reac or P ^.^ ^^^^ 

."r.,I.reae,„P^^^^^ 
594 psig (4.2 MPa) indicating that polymenzauon had begun. The 
1' LthenLughtbacUo625 psigandm.^^^^^^^ 

aeitator speed was held constant at 82 ^m^ /"^ 

b;en added after the initial pressureup (213 mm), the TFE feed was 
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Stopped and full cooling was applied to the reactor. When the temperature 
of the reactor contents had dropped to 90-C. the agitator was turned off 
and the reactor was vented. When the pressure had dropped to 1-2 ps.g 
(0 11-0 12 MPa). evacuation and initiator addition were stopped and 
nitrogen was added to the reactor to give a slow pressure rise. When the 
pressure reached 5 psig (0.14 MPa). the vacuum port was opened for one 
minute while maintaining the nitrogen purge. The dispersion, which was 
water-clear and quite stable, was then discharged from the reactor and 
saved. Solids content was 29.9 wt% and RDPS was 0.071 m- 

Approximately 800 g of the product dispersion was poured 
into a plastic bottle and then placed in a freezer at -20OC for three days. 
The bottle of dispersion was then thawed out in a bucket of warm water 
and the polvmer phase which had separated was collected on a filter. TTie 
filtrate was'found to contain 0.56% solids which consisted of polymer, 
residual surfactant, and initiator salts. The polymer was washed three 
times with demineralized water and then a portion of that polymer was 
washed three times with isopropanol (IPA). Both samples were then dned 
in a 55»C vacuum oven under reduced pressure with a nitrogen purge for 
two davs. The melt viscosities of both samples were found to be 90 Pa s. 
and HFPl xvas 10.1 for the IPA-washed sample. DSC analysis showed a 
glass transition at about 45-C and a broad, weak endotherm at about 88 C, 
with a heat of fusion of 1.0 J/g. NMR analysis indicated HFP comem was 
23.3 mol% and that 2.0% of HFP units in the copolymer were m diads. 
No triads were detected. 

f samples 

The polvmerization procedure described for Example 2 was 
followed with the following differences: I) The initial water ch^ge was 
4 63 parts. 2) Tlte surfactant employed was 0.02 1 pan of Zonyl® TBS .n 
0 1 66 part of demineralized water. 3) Also added with the surfactant was 
30 0 0033 part of chloroform as a chain-transfer-agent. 4) The pressure m the 
reactor after HFP addition and raising ofthe temperature to 103 C was 
552 DsiR (3.9 MPa). 5) The pressure after TFE addition and that 
ntaintained during polymerization was 600 psig (4.2 MPa). 6) Agiut^n 
was at 90 rpm. 7) The first initiator addition was 0.066 pan of a 2.5 xvt/. 
APS aqueous solution pumped at 0.01 1 pan/min. 8) Subsequem mtt.ator 
ddition was the same solution pumped at 0.0022 pan/min. And 9) the 
amoum of TTE added after initial pressureup was 0.5 1 pan. The reaction 
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time after rcsumpiion of T7E feed was 345 min. The product dispersion 
contained 14.4 wt% solids and was water clear. RDPS was 0.096 urn. 
The freeze/thaw isoiaiion procedure described for Example 2 was 
employed with this dispersion. The TFE/HFP copolymer resin melt 
5 viscosity was less than 10 Pa s and the HFPl was 1 1 .2. DSC analysis 
showed a glass transition near 45°C, but no indication of a melting 
endotherm. NMR analysis indicated that HFP content was 27.2 moI% and 
that 2.4% of HFP units in the copolymer were in diads. No triads were 
detected. 

,Q f ftmparative Ftamplt B 

An 85 mL autoclave was loaded with 60 mL of 
pcrfluorodimethvlcvclobutane and 0.25 g of cobalt trifluoride. The 
autoclave was sealed, chilled, and evacuated. HFP was used to sweep in 
4 25 g of TFE. Enough HFP (about 30 g) was added to bring the pressure 

15 of the autoclave to 93 MPa at 23'C. The autoclave was healed to 199'C 
and 296 MPa. and additional HFP was added to increase pressure by 6.9 
MPa to match Eleuierio's condition of 303 MPa (U.S. Patent 3.062.793). 
The autoclave was held at about 200°C for 4 hr and then cooled and 
vented. The resulting polymer solution was filtered to get rid of pink 

20 residues (presumably containing insoluble cobalt compounds), stripped to 
hcavv oil on a rotary evaporator, and then blown down to 0.94 g of solid 
using a stream of nitrogen. H^is solid had an inherent viscosity of 0.207 
in perfluoro(2-butyl telrahydroftiran) (Fluorinert* FC-75. 3M Company), 
closelv matchine Eleuterio's Example II. NMR analysis showed that the 

25 TFE/HFP copolvmer contained 57 wt% HFP. and that of total HFP un.ts 
46% were present as isolated units, 27% in diads. and 27% in triads. 

FMmnlt 4 

The reactor described in Example 1 was charged with 49 
pans of demineralized water and 0.022 part of ammonium 

30 perfluorocaprylate (C-8) dissolved in 0.088 part demineralized water. The 
reactor was pressure tested at 380 psig (2.7 MPa) and 90-C while 
agitating at 46 rpm. It was then cooled to reduce the temperature of its 
contents below 30»C. The reactor was then evaucated and purged three 
times with TFE monomer, leaving a reduced pressure on the reactor after 

35 the final evacuation. A valve was then opened to slowly release ethane 
into the reactor until the pressure was raised by 20 inches of mercur>' 
(0.067 MPa). The valve was then closed and the reactor temperature was 

22 
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Ah mm After ihe lemperaiure 
„i«d .0 90-C >vi,h .h. .^W" .0 = pressure of 3.0 

„ach«l 90-C. r«mr was pre ^^^^ ^ 

psig. A freshly pr«.»e<l «c.o,..0.20 

MPa) drop re.c.0, P-essure. ""'^ p,ns of TTE 

. „„ so as .o main* *. P-«"' " p^ of a 2.7 solouon 
Md been «ld«l » .he "acor after k.ckon^ , P _ „^ 

„,C.. in de.inera,i«d -^/X'^ni" " "'-"^ 
10 part/minute. After 1 5 parts o pumped imo 

solution of APS (0.09 wt%) ^^' -^^^^'^l^,, of TFE had been 
.He reactor 3tarateof0.np— 

added to the reactor, the TFE feed ^ ^^p^^. The reactor was 

until the reactor pressure dropped J dispersion 
, 5 then vented and the P™/- ^^^^^^^^^^ had a ntelt viscosity 

contained about 34 v..% ^^f/^' .^;^^^^^^ normally used for TFE 
of 2.6 X 103 Pa s as determined b> the proc 

copolymers. dist)crsion was diluted with 

One portion ,,(, ^o/. ammonium 

polymerization. „f , he disoersion were frozen. Two 

Separau P°--^^^^^^^^ examples, and the thawed 

portions were thawed as s^nbe ^^^^ ^^^^ ^^^^.^^ 

frozen dispersions '^j^.^ 237 ppm of C-S, and filtrate 

collected at 89 hr after thawme contamed 23 PP ^^^^ ^ ^^.^ 

collected at 17 hr after thawmg ^^^^J f,^^^^ .he liquid from the 
30 ponionoffrozendispersionwasp^^^^^^^^ ^..3 

thawed frozen dispersion """'"^^^^ ^^^^j^, compared with the result 
niuate contained 477 ppm ot . ^^eze/thaw isolation 

from chemical -S-l-on ^^^^^^^^^^^^^ p^,^^„. ,Hat the 

technique removes more of the surta .^^^^^^^ ^^^^ 

35 amount of the surfactam carried '^-'y^y^^ J 
between thawing and liquid removal decreases. 
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Anoiher portion of dispersion was frozen, and the frozen 

„mo™l of liqukl from thawed to» <iisp<''>»'- 

An aqueous dispersion of an amorphous TFE^FP 
copolymer was produced by a method similar ,o that descr.bed m 
V 1-^ excem that halfas much chlorotorm was used. HFPl ot 

I Z o to . of Zonvl*FSN nuorosurfactam (DuPont 
25 24.2 dyne/cm by addmg 10 g of Zon ^^^^ 

Company) to 90 g of "^-P-o. Zo^ FSN .s^ ^^^^^^^ ^^^^^^^ 
nonionie surfactant in .sopropanol The lo.er u 

30 raw dispersion, as shown in the following table: 



Raw dispersion (g) 

Water (g) ^ ^ 

ZonyI*FSN(g) 3 
Solids content (>vt%) 
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TO. example Ulusu..^ U,. Him fonni»l ca^^ *« 
„p„,^„of.Ws™^^^^^ coupons or.« ■ . 

3 . 0.025 «5 ' f ^ to room lemperatute. and 

„tea5on,cb.*. d-.cd.l 150 ^J^' j„i^ off. and A. 

dipp«i imo .he dispcsions. ^''"'J^^^ copper, brass, 

coupons ».r. dried overTugh M 5» = ^^"^ „„,. 
aluminum, suinlcss s.«l. 8.1v»..«<l «^ „ 

subs„.««.s,es,ed»cc.d.„ .o^^^^^^^ 

scored <-'f;''^;"jJ • ' ed,' Adhesive upe was pressed 

separanon 2.5 mm) us.ng raz 
, against the scor«i coatings. The tape wb r 

e,.min«l. No removal °f <'>>>°'>''»'' "'"J j J „a.e, for 1 hr. 
The coupons with scored coatmgs ,o 

coupons occurred. Thus, the coatmgs were strongi> 

and metal coupons and resisted the act.on of bo...ng .ater. 

This example illustrates the adhesion of amorphous 

„ TEH»P«cp:>=^mgs.opol.m^^^ 

— rc^i^tfprJ-^^^^^^^^^ 

nibbcr vulcanizate. polychloroprcne , ^ 3 , o.Ol inch 

-•t^"-rrcr;i^:.c^^^^^ 

30 (25 ' li " 0.25 mm) were cu ^.^^^ ,„ 

.e,.ph*.l.te. and P^'^^^C ^T'-IL to room temperature, and 
^ unrasontc bath, drted at ^ Excess 

:;:j:rwX:::n';rrdth:s:psweredHedovemigh,.,,o.c. 

» All coaungs «as tested accord.ng to 

ASTM D-3359 Eaci coating was scored .scratched, as m Example 



25 



BEST AVAILABLE COPY 



?CTA]S96A)14S3 

W0 96/2462S 



to 
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15 



20 



25 



30 



r^::„,^......»-— ^^^^^^ 

• /rpQK 7047 Un on Carbide) and comainin^-.-' 
T ^?an abrasive was extruded through the coated capillary d.e. 

»«s, Slow,, ovc, . P-"- °f •'^7;::^, „„„ 
„ oopolyn,., .oaunl "-f ^ 

cxLion ^vithou. melt fracture at reduced shear suess. 



" Tl,.,«c,«ofEx™pl. 1 w.sctog.dwUh48.0p«»or 
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with TFE. and then evacuated again. The vacuum in the reactor was then 
used to draw in 0.079 pan of chloroform and a solution of 0.22 part of 
pcrfluorohexyl ethane sulfonic acid surfactant in water ( 1 .7 parts). The 
solution was rinsed into the reactor with another 0.88 part of water. Thus, 
5 the surfactant concentrauon was approximately 0.0 1 0 moVL. i.e., above 
the criucal micelle concentration (about 0.003 mol/L). The reactor was 
then scaled, agitation was begun at 42 ipm, and the reactor temperature 
was raised to lOS^C. After the temperature had become steady at 103°C. 
HFP was added slowly to the reactor until the pressure was 350 psig 
10 (2.5 MPa). The pressure in the reactor was then increased to 600 psig 
(4.2 MPa) by the addition of TFE. and then 0.43 pan of per nuoro( ethyl 
vinyl ether) (PEVE) was pumped into the reactor at a rate of 
0.165 part/min. Then 1.10 pans of a freshly prepared aqueous initiator 
solution containing 0.4 wt% of APS were pumped into the reactor at 
15 0. 1 1 part/min. Thereafter, the same initiator solution was pumped into the 
reactor at 0.0066 pan/min for the remainder of the polymerization. After 
polymerization had begun as indicated by a 10 psig (0.07 MPa) drop in 
reactor pressure, additional TFE was added to the reactor to maintain 
pressure constant at 600 psig. The agitator speed was used to control TFE 
20 mass transfer into the aqueous phase so that the TFE addition rate was 
about 0.1 part/min. The average agitator speed required to maintain the 
target TFE transfer rate was 33.6 ipm. When a total of 1 8.0 pans of TFE 
had been added to the reactor after kickoff ( 1 80 min). the TFE feed was 
stopped. When the reactor comcnis had cooled to 90«C. initiator pumping 
25 and agitation were stopped and the reactor was vented. After venting to 
nearly atmospheric pressure, the reactor was purged with nitrogen to 
remove residual monomer. The dispersion was then discharged from the 
reactor and saved. Solids content was 3 1 .5 wt% and RDPS was 0.094 ^m. 
A portion of the dispersion was poured imo a plastic bottle which was 
30 then placed in a freezer at -20»C overnight. The bottle of dispersion was 
then thawed out in a bucket of warm water and the polymer phase which 
separated was collected on a filter. The ftltrate liquid was found to 
comain only 0.09% solids. The polymer was washed on the filter three 
times with a volume of demineralized water equivalent to 75% of the 
35 original dispenion portion volume and then was washed three times with 
similar amounts of isopropyl alcohol. Much of each wash liquid was 
removed by application of a vacuum to the bonom of the filter. The 
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cri«cairo>«»«= „,:ntainihe»rgcn^'=-". .han obtained m 

'ndicaung a s.gntfica^ ^°"^t«ron had 3 1 i ^vt% and 

Example 9 which uul.«^ the c^sP^^^ ^ ^ ^ o3 Fa-s. an 

micelle concentration. So mV o 

;,PS.as0.l79.m.^;^^„^,,3toffus.onof34.A 

l.3wt%ofPEVB- EjamPifiJfi fE^^plelwasesseniiaUy 

ThepoW-nzat'onP-"^^^^^^^^ 

5o'opans.^--^-^!:,eldconstanta.4^^^^^ 
and the agitator speed w .^^tdy 0.009 m .^^ 

Ifactant conccntrauon >^a^^»PP ^ „ol/L). ^ ^^uds 

W.ckoffwas90m«n- The ^ponlonofthe d ^^-^ 
and had RDPS of 0-139 ^^^^n procedure of fc ^^^^uy- 

rsenuanytothefreeze^^^^^^^^^^^^ 

ratrate liquid was foundt^ ^ , . . ^^^^^ ^^^^^^^ 

e^stalUneTFE ^^P^J^^;,, ^eat of fu«on of 2 3 ^^^^ , 
3^4. and aT. 0^59 Cw. ^^^^^^ ^^^.^ '""^^.^ntrat.on. yields a 

35 
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pumping rale was 0.018 pari/'min after the first 12 min of pumping at 
0.055 part/min. Thus, the surfactant concentration was approximately 
0.0026 mol/L. i.e., slightly below the critical micelle concentration. The 
reaction time after kickoff was 1 1 1 min. The resultant dispersion 
5 contained 30.7 wi% solids and had RDPS of 0. 142 ^m. The dried TFE 
copolymer resin had an MV of 1 .6 x 10^ Pa s, an HFPl of 3.54, and a T„ 
of 257*C with heat of fiision of 24.9 J/g. 

r.TflmpIc 11 

The reactor used in Example 2 was charged with 4.85 part.of 

10 demineralized water. 0.012 pans of Surflon® SI 1 1 (0.0051 mol/L), and 
0.0066 part of concentrated ammonium hydroxide. After pressure-testing 
the reactor at 80°C with 300 psig (2.2 MPa) nitrogen, the reactor was 
cooled to 30**C and it was then alternately evacuated and purged with 
TFE three times. The reactor was then left under a vacuum. Ethane was 

1 5 then fed to the reactor until the pressure rose by 10 Pa. The reactor was 
then sealed, agitation was begun at 1 10 rpm. and the reactor temperature 
was raised to SO'^C. The reactor was pressured to 300 psig with TFE and 
then 0.074 part of PPVE) was pumped into the reactor. Five minutes after 
completion of PPVE addition. 0.66 part of an aqueous solution of 

20 0.25 wt% percent APS was pumped into the reactor at 0.066 pan/min. 
Thereafter, an aqueous solution of 0.10 wt% APS was pumped to the 
reactor at 0.0022 pan/min for the remainder of the polymerization. After 
polymerization had begun. PPVE was added to the reactor at a rate of 
0.00047 pan/min for the remainder of the polymerization. The reactor 

25 pressure was maintained at 300 psig by the addition of TFE and the 
agitator speed was varied to control the reaction rate so that the TFE 
addition rate was 0.014 pan/min. After 1,96 parts of TFE had been added 
after the initial prcssureup, the TFE, PPVE. and initiator feeds were 
stopped and fiill cooling was applied to the reactor. The agitator was 

30 turned off and the reactor was vented. When the pressure had dropped to 
1-2 psig (0.1 1-0.12 MPa), nitrogen was added to the reactor to give a 
slow pressure rise. When the pressure reached 5 psig (0.14 MPa), the 
vacuum was applied for one minute while maintaining the nitrogen purge. 
The dispersion was then discharged from the reactor and saved. Solids 

35 content was 26.6 wl% and RDPS was 0.1 14 Mm. The average agitator 
speed during polymerization was 99.2 rpm. A ponion of the dispersion 
was subjected essentially to the freeze-ihaw isolation procedure of 
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P ™n.e 9 except .ha. the alcohol wash was omitted. The llluate liquid 
Example 9. except mi ^^^^.^^^^ of polymer, 

was found .0 contam only 0 03 /o oi. i3„,.^s„„i„e TFE 

residual surfact^t. and •'"^""f , Jj^^;; „f jog-c withheat of 

::rrorto:e;icpo.yme.havi„.hi^e^ 

S«Coni|>»in"™Exiiiil>l«E- 

rmnrariilYf """"i' 

The p.«.te ' ' 

contained 3.47 wt%PPVE. 
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CLAIMS: ... .1 

A uniform amorphous copolymer compnsmg copolymcnzcd 

units of tctrafluorocthylene and hexafluoropropylenc contammg up to 29 
5 mol%.of hexafluoropropylenc. 

2 The amorphous copolymer of Claim 1. where. n less than lO/o 

of said hexafluoropropylene units are present in diads and tnads 

combing. ^^^^^^ copolymer of Claim 1, said copolymer having 
10 glass transition lempcrawreofat least about 20-C. 

4. The amorphous copolymer of Claim 1. wherem HFP content .s 
in a range of from 20 to 29 mol%. 

5 The amorphous copolymer of Claim 4. further contammg 
copolvmerized units of at least one comonomer selected from fluoroolefm 

15 containing 4-8 carbon atoms and fluorovinylether. 

6 The amorphous copolymer of Claim 3. whcrc.n said copolymer 
contains copolvmerized units of at leas, one comonomer selected from 
fluoroolefm containing 4-8 carbon atoms and fluorovinylether, said 
copolymer containing sufficiem units of hexafluoropropylenc and sa.d 

00 comonomer to cause said copolymer to be amorphous. 

7. The amorphous copolymer of Claim 3. wherem sa.d glass 
transition temperature is at least about 25"'C. 

8. The amorphous copolymer of Claim 8, wherem sa.d glass 
transition temperature is at least about 35»C. , , . - . 

9. The amorphous copolymer of Claim 5 or 6. wherem sa.d 
comonomer is fluorovinylether. 

10 The amorphous copolymer of Claim 10. wherem sa.d 
fluorovinvlether is selected from perfluoro(methyl vinyl ether), 
perfluoro;ethyl vinyl ether), and pcrfluoro(propyl vinyl ether). 

1 1 An aqueous dispenion of the amorphous copolymer of Cla.m 
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^^^^'u. A solution ofthc amorphous copolymer of Claim 1 inahighly 

fluorinated solvent. . 

13 A process for isolating tctrafluorocthylene polymer resm from 
35 aqueous dispersion produced by dispersion polymerization. compns.ng 
first freezing said dispersion to form frozen dispers.on. then thawmg sa.d 
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for n.bber or plastic par«. ^^.^ ^^.^ 

20 20. The coated article ol Liaim 

optical demerit. ^^.^^ ^ 

21 The coated article o! Claim 1', ,„„kiv 
vnnductor device, or semiconductor assembly. 

25 electronic device or ^l^-;-^^^^^^^^^ at least two 

23. A P-««; Je^^^^^^ surfactant to produce 
fluoromonomers in an -<^-^^^ partially-crystalline 

an aqueous dispersion '^^'^'f^™ fluoromonomers. said 

fluoropolymer conuinmg units <^^-^^'!r^.^ .^^^^ , times the 
30 surfactant being present in a concentration .ha IS at 

cHticalmiceneconcen^^^^^^^^^^^^ 

24. The process of CI 'm ,on,onomer selected 



32 



WO 96/24625 



first freezing said dispersion to form frozen dispersion, ihen thawing said 
frozen dispersion to form thawed frozen dispersion, and then separating 
said resin from liquid of said thawed frozen dispersion. 
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